Abstract -
I. INTRODUCTION
In classical RTK GPS measurements, one reference station within 10km to 15km is required to ensure the accuracy of the position to reach up to centimeter level [5] [6] [9] . High ionospheric and troposphere activity will influence the distance from the reference station limiting it to be less than 10km [7] [12] .
The overcome the limitation of classical RTK new concept has been developed by Trimble Terrasat called Virtual Reference Station (VRS). This can be done by linking together several continuously observing reference stations to form the network. Virtual Reference Station (VRS) is an efficient method for transmitting corrections from the reference network to the rover positioning [5] [6] . The concept of Virtual Reference Station (VRS) allows us to perform RTK positioning inside the reference networks with distance of up to 40km [11] . This concept has been tested and applied in certain countries such as Australia, Italy, Finland, Japan, and Singapore. Many research groups have done their research on VRS concept, algorithm, performance, accuracy and method of transmitting the correction to the rover [ Since the use of the RTK GPS has become more widespread in Malaysia, it is considered important to study the quality of VRS generated by MyRTKnet.
Until now, no study has been conducted on the quality of VRS generated by MyRTKnet, especially on the quality of VRS outside the network. In Peninsular Malaysia, ARAU is the most northern reference station in MyRTKnet system. There is an area of around 30km radius in the northern part of Peninsular Malaysia that is not covered by the network. The critical issues are the quality and the accuracy of GPS surveying using VRS RTK technique in that area.
Thus, the main objective of this study is to examine the accuracy of GPS surveying using VRS for RTK technique under the influence of rover stations' distance outside the network density.
II. MyRTKnet CONCEPT
The MyRTKnet consists of 78 permanent GPS stations as reference stations [2] . 51 of the stations are located in peninsular Malaysia and 27 stations are located in Sabah and Sarawak as shown in Figure 1 . The distances between reference stations are in the range of 30 km -150km. All of the reference stations were established in GDM 2000 new geodetic datum through classical static GPS surveying technique. A central facility was set up to model the spatial errors that limit GPS accuracy through a network solution and generate corrections anywhere inside the network with accuracy better than a few centimeters (VRS RTK GPS) to a few decimeters (DGPS) in real time. At the same time, Virtual RINEX also can be downloaded from the DSMM website. Virtual RINEX data can be used for post processing differential solution to get the highest positioning accuracy.
III. STUDY AREA
The study area is located in the northern region of Peninsular Malaysia, a few kilometers from the Thailand border. The northern region network which consists of TOKA, ARAU, LKGW and UUMK reference stations were selected for this study as shown in Figure 2. A total of four control points were chosen outside the network covering evenly the distance of 1 km to 30 km away from the ARAU reference station. All observations were made with Trimble 5700 dual frequency receiver with geodetic antenna.
IV. TESTING METHOD
In order to study the accuracy of the VRS system, two basic considerations in choosing the test points were set. a) Surrounding obstruction of the points should not rise above 15 degrees. b) Reflecting surfaces in the vicinity of the antenna and nearby electrical installation are not allowed to avoid signal disturbances [4] .
To examine the accuracy of VRS RTK in comparison with the true position of control points, Observation using RTK mode of each point was conducted in continuous mode for 1 hour using geodetic receiver and geodetic antenna with 1 second epoch. Horizontal and vertical precisions acceptable are 0.020m and 0.040m respectively. The VRS RTK corrections are generated by Department Surveying and Mapping Malaysia using RTKnet software and the corrections are delivered using RTCM 2.3.
V. RESULTS AND DISCUSSIONS
To recall, the main objective of this study is to examine the accuracy of GPS surveying using VRS for RTK mode observations. More specifically, the evaluation of the results are based on the differences between VRS RTK coordinates and the known coordinates initially obtained from the static observation with geodetic accuracy.
The real time position of the test points were observed under certain conditions to make sure the result can be achieved at centimeter level. Minimum of 5 initialized satellites can be received with maximum geometry dilution of Fig. 2 . Test points and MyRTKnet Reference Stations precision value (GDOP) value not more than 6 and sky view must be obstacle free for at least 15 degrees from the horizontal. Figure 3 shows the scatter plot for horizontal position errors of point 1km outside the MyRTKnet station and network. For the points located at 1km from the physical reference station the maximum differences in northing and easting component is 33mm and 41mm. The RMS errors of the horizontal components are 6mm in northing and 11mm in easting.
For the points 10km outside the network, the maximum differences in northing and easting component is 57mm and 39mm. The RMS errors of the horizontal components are 13mm in northing and 14mm in easting as can be seen in Figure 4 . Figure 5 shows the scatter plot for horizontal positions errors of point 20km outside the MyRTKnet station and network. For this points the maximum differences in northing and easting component is 43mm and 67mm. The RMS errors of the horizontal components are 19mm in northing and 16mm in easting.
For the points 30km outside the network, Figure 6 shows the maximum differences in northing and easting component is 50mm and 49mm. The RMS errors of the horizontal components are 22mm in northing and 22mm in easting. Figure 7 shows the error of vertical component of VRS RTK for points 1km to 30km from the physical reference station. According to figure 7, the RMS errors of the points 1km, 10km, 20km and 30km is 16mm, 20mm, 23mm and 25mm. This shown the RMS errors of the vertical components are increased based on the distance from the physical reference station. The maximum difference of vertical components for all test points is in the range of 75mm.
RMS Northing =0.0064259 RMS Easting =0.011608 Summary of the statistical analysis, the errors of the horizontal position of this study could be due to the constellation and satellite geometry during the observation periods. For the results in Figure 3 and Figure 4 , during the observation, more satellite signals were originated for the north area rather than the east area. For results in Figure 5 and Figure 6 ; more satellite signal were actually coming from the east area rather than the north area. For the vertical component, accuracy would be two times less than horizontal component. This is cause of the satellite geometry.
VI. CONCLUSIONS
This paper has presented the results of the practical accuracy of positioning using VRS for RTK surveying techniques outside the MyRTKnet network. The results indicate that the MyRTKnet network services allow the VRS RTK to be conducted with good accuracy even at the distance of 30km from the nearest physical reference station. In general, the horizontal accuracy of VRS RTK and VRS Static positions is in the range of 1cm to 6 cm and for vertical is in the range of 1cm to 8cm. With this range of accuracy, many high precision applications such as engineering constructions, cadastral mapping, georeferencing of remote sensing images, geodetic measurements and natural disaster monitoring can utilize the MyRTKnet services more effectively.
